Abstract.
X -8 YAMAZAKI AT AL: HIGH-LATITUDE DENSITY MODEL
focusing on high latitudes in order to construct a disturbance model, which represents where log ρ q is the quiet model and log ρ d is the disturbance model. It is obvious, from Eq
134
(1), the construction of the disturbance model is, in effect, to model the relative density 135 perturbation from the quiet-time background density, i.e., ρ d ∼ ρ/ρ q .
136
We use geographical coordinates for the quiet model and magnetic coordinates for the magnetosphere-ionosphere-thermosphere coupling, which are better organized in mag-142 netic coordinates than in geographical coordinates. Specifically, we use magnetic apex
143
coordinates described by Richmond [1995] and Emmert et al. [2010] . 
Quiet Model
The quiet model was constructed in the following way. First, we collected all the dependence of log-densities on the daily ap index is simplified considering only the linear 152 dependence. (The exact formula for the quiet model is shown in the auxiliary material.)
153
Previous studies found that the M 10.7 index is able to represent the solar activity influence 154 on the thermosphere, often better than F 10.7 [e.g., Guo et al., 2007] . The dependence of 155 the density on geomagnetic activity is fairly small for ap <9 nT, which can be assumed 156 to be linear [e.g., Vickers et al., 2013] .
157
Fitting coefficients were determined using the least squares technique. The quiet model 158 of HANDY is then obtained by normalizing the reconstructed densities to ap =0 nT,
159
which gives density estimates for the zero geomagnetic activity condition. It is noted 160 that the zero geomagnetic activity condition defined above does not mean that the energy 161 input from the solar wind to the upper atmosphere is actually zero. Generally, the high-
162
latitude atmosphere is subject to solar wind disturbances even when ap =0 nT. The zero 163 geomagnetic activity condition merely gives an objective reference level of geomagnetic 164 activity for the density perturbation.
165
As is clear from the analysis procedure, our quiet model is designed to be consistent thermospheric temperature, which leads to an increase of the density at a fixed altitude.
172
The density tends to be greater in the summer hemisphere than in the winter hemisphere,
173
which is due to higher solar insolation in summer. High-latitude densities are comparable 
177
The top panels in Figure 3 and Picone [2010] showed that more than 90% of global density perturbations can be 182 attributed to the effect of solar activity and solar insolation (i.e., solar time and season).
183
It is known that the composition of the high-latitude thermosphere varies significantly 184 with solar activity and season. According to MSISE-00, the neutral population at 450 km 185 is dominated by atomic oxygen (O), which accounts for ∼90% of the total mass on average.
186
The other 10% is mainly by helium (He) and molecular nitrogen (N 2 ). Weimer [1995, 1996] , the lower boundaries were set to ±45
• magnetic apex latitudes, and 200 spherical harmonic functions were fitted to the data only poleward of the boundaries. The 201 model formulation is as follows: nose. An additional time delay of 15 min was added to account for the magnetosphere-
227
ionosphere distance [Vennerstrøm et al., 2002; Rentz and Lühr, 2008] . We tested various Mathematical expressions for A lm and B lm were determined on a trial and error basis.
235
So far, the best model performance was obtained using the following: root-mean-square error, defined here as for MSISE-00 than HANDY is partly due to the fact that MSISE-00 does not include
257
CHAMP/GRACE data in fitting while HANDY does. Thus, we also calculated the root- by which the thermosphere density responses to the solar wind energy input were discussed 311 in detail by Lei et al. [2010] .
312
It is obvious from the results in Figure 5 that the HANDY attribution of density per- The dependence of the relative density on the IMF clock angle is depicted in Figure 6 317 for the Northern Hemisphere. The density response to the solar wind becomes greater 318 as the IMF B z changes from positive to negative. The overall pattern of the relative 319 density remains the same for different C SW conditions. Figure 7 shows the results for the 320 Southern Hemisphere. Again, the IMF B z control of the relative density is evident.
321
The IMF B y also modulates the high-latitude density response to the solar wind. As
322
we reported in the previous paper [Yamazaki et al., 2015] , the influence of the positive Figure 9 shows the high-latitude thermospheric density response to the solar wind under 343 different solar EUV activity conditions. It can be seen that relative density perturbations 344 are slightly smaller when solar activity is higher. As we showed in Figure 2 , the background 345 thermospheric density changes by an order of magnitude due to changes in solar activity.
Dependence on the Background Density

346
The fact that the dependence of the relative density on solar activity is small indicates 347 that solar activity affects not only the background density, but also the magnitude of 348 density perturbations by a similar (but slightly smaller) rate. Emmert and Picone [2010] 349 obtained similar results based on the analysis of the global average thermospheric density.
350
They discussed that the reduced density response during high solar activity period may 351 result from mitigated temperature perturbations due to increased scale height.
352
The seasonal variation in the relative density is illustrated in Figure 10 . 
Summary and Conclusions
Using extensive accelerometer data by the CHAMP and GRACE satellites, we have clearly demonstrated the IMF B y effect, which we found in the previous study [Yamazaki 383 et al., 2015] . to introduce an assumption on the height profile of the air density. Most global empirical 391 models assumes diffusive equilibrium, which is a good approximation above ∼200 km.
392
However, this approach requires knowledge of temperature and composition for at least 393 two heights. We will leave the extension of HANDY for a topic of a future study. 
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